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Abstract 
The automotive industry is experiencing several limitations due to high mass customization on product side and the consequent 
evolution of newer ones as well as the expansion of existing production setups. There exist various complexities in planning and 
control of distributed production setups. This paper addresses issues related to planning using knowledge management approaches 
in the decentralized manufacturing domain with two distinct cases. The first case relates to the higher level planning methodology 
to automate experts’ knowledge in production ramp-up whereas the second case relates to optimization of production processes 
using knowledgebase as an intelligent assistance system for optimization. 
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1. Introduction 
The manufacturing industry particularly the 
automotive industry is confronting challenges due to 
rapid globalization [1], high technological advancement 
[2], ever increasing outsourcing [3], high consolidation 
and frequent restructuring of value chain [4]. At the 
same time, an inevitable movement of skilled technical 
workers as well as researchers among manufacturers and 
suppliers has put the complete innovation process at risk. 
This shortage of skilled workers has hampered the 
diffusion of new technologies related to knowledge 
management inside the production system to control 
production as well as other business activities with other 
stakeholders outside the company, to bring quick 
innovations. This situation has induced several technical 
and economic complexities in the optimal configuration 
of supply chain as well as the ramp-up of production in a 
distributed production environment. Furthermore, 
advanced trends in the automotive area in the next 
fifteen years mentioned in [5] may pose several 
challenges in future.  Manufacturers have targeted new 
markets which have led them to build new production 
plants at various locations. Moreover, short innovation 
as well as faster time to market has pushed 
manufacturers to outsource their research, development 
as well as manufacturing activities. Currently about 75% 
of the vehicle production and 50% of automotive 
research and development is carried out by suppliers [6]. 
Therefore, manufacturers have to organize their supply 
chains for manufacturing of various vehicle variants at 
different locations. In addition to that, the rise in the 
number of vehicle models and their variants and the 
shorter product lifecycles has increased the frequency of 
product ramp-ups to large extent [7-9]. The complexities 
in product ramp-ups may result in huge loss of 
investment therefore successful handling of production 
ramp-ups is one of the most important key factors in the 
automotive industry. The change in product material, 
process as well as other associated production 
technologies has emphasized building, retaining and 
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automation of skills and knowledge besides intensive 
collaboration between several suppliers and system 
integrators. Consequently, successful ramp-up 
management will even more important than today [10-
12]. As a matter of fact, ramp-up processes are often 
accompanied by lot of complexities as discussed in [13-
15]. Ramp-up management has a direct influence on 
three important aspects as described in [16].  The most 
important aspect is the loss of sales which happens due 
to delayed reaching of the targeted production rate after 
SOP (start of production). Due to small product yields, 
which are common for most of the present products in 
automotive industries, it is very difficult to compensate 
the lost sales which occur in the beginning of the life 
cycle time of product. This fact will be more amplified 
by shorter life cycle times of the products [17-19]. The 
second issue relates to quality, which has direct impact 
on customer satisfaction. The errors and mistakes that 
are made during the ramp-up phase are usually identified 
after product is sold to the customer. This is usually 
followed by big recall actions which are extremely 
expensive and blow to manufacturer’s image [20]. 
Thirdly, resolving complexities in ramp-up phase are 
often resulted in more expenditures such as additional 
shifts (personal costs) and enhanced resource capacities 
in order to reach production targets.  
Another issue is related to the introduced product 
variety which has multiplied the complexities in optimal 
production planning and controlling. This has persuaded 
manufacturers to employ new materials and processes to 
enable high quality manufacturing in extremely cost and 
time related constraints.  The huge outsourcing trends in 
the automotive sector in which parts, components, sub-
assemblies and assemblies of products are manufactured 
by 1.tier suppliers or suppliers from other levels have 
enhanced the number and nature of potential direct and 
indirect processes as well as alternatives production 
routes.  This increasing number of activities in a 
decentralized production environment resulted in 
increasing environmental impact in terms of several 
emissions and ecological wastes.  The new 
environmental directives and regulations limiting the 
environmental impact of the potential production 
activities needs new metrics, advanced assessment 
methods and efficient environmental assessment tools 
have limited the potential environment assessment in 
conducting holistic, reliable, quick and precise 
assessment. Consequently, the production planning in 
distributed environment is not cost efficient any more.   
Therefore, there is a strong need for good environmental 
information system to support decisions on 
environmental impact of the potential production 
processes. The probability of getting such experts is very 
rare  as the knowledge about environmental terms, 
regulations, assessment methods as well as the 
simulation tools is expanding along with the expansion 
of manufacturing domain with new materials, processes 
and resources such as machines.  Therefore, the 
inexperienced planner should be facilitated with 
information or knowledge assistance system to get the 
desired information from the knowledge assistance 
system upon request. This approach will enhance 
productivity in planning activity. 
Two key planning areas are selected in the scope of the 
paper to elaborate the concept of knowledge 
management in planning activities which is described in 
the following sections. 
2. Knowledge Management: Significance  
2.1. Automotive production ramp-up 
Likewise in other key fields where knowledge is 
reused to make decisions in the planning activities, the 
ramp-up phase is also accompanied by knowledge based 
planning. The knowledge is gathered after identification, 
processing, storage and usage of workforce know-how 
as discussed in [8, 20, 24, 25]. However, this knowledge 
is generally restricted and limited in scope and will be 
insufficient to be reused for planning decisions. It is 
particularly important to consider when the shortage of 
identified personnel is expected to be intensified in the 
future. Therefore, it is crucial to secure the know-how of 
the experienced employees in order to use this 
information to train and qualify new inexperienced 
employees [8, 26]. Another reason for the significance of 
knowledge management in ramp-up processes is the fact 
that the teams are usually working together until the 
ramp-up process is successfully finished. After this 
phase, people are often reinstated in their previous 
working fields. Therefore, the obtained know-how and 
expertise of the experienced personnel is no longer 
available in the following projects. As a result, in 
following ramp-up processes, it is quite likely, that the 
experiences learned in previous projects cannot be 
efficiently used for tasks in new projects. Hence, 
mistakes and faults are probably being repeated again 
and again. Moreover, standard procedures are worked 
out several times. However, the same task has been 
handled sufficiently in a previous project. But because of 
an inadequate knowledge management, it cannot be used 
in following projects. Therefore, the systematic 
knowledge management in ramp-up processes is highly 
recommended [8, 20]. The know-how which is directly 
linked to certain people must be identified, processed, 
stored in order to provide further training opportunities 
to new employees [27].  On one hand, the purpose of a 
systematic knowledge management is to avoid failures 
which have been done in earlier projects. On the other 
hand, methods or approaches applied in previous 
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projects should be used again in current or future ramp-
ups [8]. But such an avoidance or reuse of applied 
methods is not a natural course of action [28]. 
Insufficient problem solving skills of the employees can 
be one reason for this challenge. This difficulty will be 
bigger, because problem solving in ramp-up processes 
requires usually the application of the know-how of 
experienced personnel [8, 14, 20, 29]. 
Due to these described challenges, a systematic 
knowledge management approach must be adopted in 
ramp-up processes. The intention should be the 
identification, processing, storage and specific usage of 
ramp-up knowledge of the experienced employees [23]. 
At this point, some researches identify a lack of software 
based information and communication tools, like 
management information tools. These tools are 
thoroughly useful as supporting tools to enhance 
knowledge management processes in companies.  
However, neither in scientific researches nor in practical 
fields, sufficient software based tools are available for 
the know-how consolidation regarding experiences of 
the employees to enhance the problem solving processes 
in automotive ramp-ups procedures. Typically, 
documentation of implicit know-how of the employees 
is neither suitable nor appropriate. Since, most of the 
ramp-up know-how is tied directly to definite people and 
only saved as their experience [20]. 
Deducing from these facts, a systematic knowledge 
management model must be developed to save the 
employee experiences regarding ramp-up know-how and 
enhance the problem solving process in ramp-up 
procedures.  
2.2. Automotive production planning 
Several methodologies have been introduced in the 
literature to enable computer aided process planning 
namely feature based planning [30-32], artificial 
intelligence i. e. neural networks and genetic algorithms) 
based planning [33-36] and knowledge based approaches 
[37-38]. A handful of paper discusses planning and 
scheduling related issues in the distributed 
manufacturing environment. Recent literature discusses 
the coordination of local schedulers by using heuristics 
algorithms [39]. Agent based concept has emerged as an 
innovative solution to solve planning and control 
problems in distributed production systems. In [40], a 
model is presented for agent based production planning 
and control to dynamically adapt to local and distributed 
utilization of production resources and materials. In a 
highly individualized customer demand scenario i.e. 
one-of-a-kind production, incremental process planning 
has been proposed for extension or modification of 
primitive plan incrementally according to the new 
product features [41]. Likewise, agent based approach is 
used to enable manufacturing organizations dynamically 
and cost effectively integrate, optimize, configure, 
simulate and restructure their manufacturing system as 
well as supply networks [42]. Agent based approaches 
are more flexible, efficient and adaptable to dynamic and 
distributed manufacturing environment. However, none 
of the contributed work addresses planning based on 
strategic production goals. The scope of optimization in 
planning is mainly limited to the traditional key 
performance indicators such as cost, time and quality. 
The potential environmental impact of each individual 
manufacturing and supply process is not included in 
optimization planning decisions because of the 
complexity in handling knowledge related to the 
potential environmental impact of each individual 
process which is affected by product specifications, 
resource specifications and technological information 
about processes. Furthermore, optimization planning 
considering cost, time, quality and flexibility is quite 
complicated and certain heuristic rules are employed to 
limit the computational complexity in evaluating 
alternatives in optimization processes.  Algorithms 
known from graph theory are used typically used to 
evaluate alternatives. However, it is noteworthy to 
mention that neither the environmental impact of 
potential production processes is evaluated nor their 
weightage is considered in final optimization 
considering all the key performance indicators 
describing production performance. Furthermore, there 
is not enough expertise available at the manufacturer 
side to decide about the environmental impact of 
potential processes. Additionally, the knowledge related 
to the environmental impact of the potential combination 
of materials, resources and technologies is quite limited. 
Finally, commercially available life cycle assessment 
tools are incapable of providing guidance to 
inexperienced planners that has to decide about the 
metrics and emissions against potential combination of 
material, resource and process technology. 
 In the light of these mentioned factors, the 
knowledge management concept can be exploited to 
enable quick assessment of environmental impact of 
each production process scheme in mass customization 
scenario. The value of overall environmental impact will 
be used later in final decision making in optimization of 
production process schemes based on key performance 
indicators.  The concept and development of knowledge 
management system is based on the knowledge 
management framework supporting manufacturing 
system design introduced in [43] to support factory 
planning activities. The proposed framework introduces 
four main parts of the knowledge management system 
i.e. semantic based repository, the knowledge 
association engine being responsible for comparing 
similarities and the inference rules definition and 
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execution. The extended work to this framework is 
described in [44] where the ontology for the 
manufacturing system is defined. The proposed ontology 
determines an overall scheme for describing 
manufacturing knowledge concerning the performance 
indicators (cost, time, quality and flexibility), the 
product, the orders and the plant. This work however 
defines the cost and time assessment rules thereby 
enriching the reasoning capabilities and facilitating the 
decision making process.   
3. Development of Intelligent Assistance System 
3.1. Automotive production ramp-up process 
In the automotive production ramp-up process at 
various manufacturing locations in the distributed 
network need to be handled in a systematic and 
intelligent way to ensure well proceeding ramp-up 
process. This requires a systematic way of automating 
the experiences of personnel who have been involved in 
such ramp-up processes at various geographical 
locations. The development must be in the form of a tool 
that must ensure a pragmatic usage of the saved 
experiences for future problems. In order to meet these 
requirements, the artificial intelligence methodologies 
must be exploited. In this context, Case-Based 
Reasoning (CBR) tools [45, 46] are being used in other 
fields to enable quick and realistic decision making. The 
standard workflow of a CBR cycle is divided into four 
steps described in [46]. Case based reasoning approach 
is among the potential solution to enable quick and 
reliable decision making as the similarity comparison is 
quite practical. It is due to the fact that the problems that 
occur during ramp-up processes are usually similar but 
rarely identical. Therefore, a pragmatic solution to 
identify those cases must be found. Here, the application 
of a Delphi method is suggested. Advantages of this 
method are the relatively small number of necessary 
experts, anonymity and recursively questioning [48]. 
The interesting issue is the structuring of the know-how. 
A method for structuring the ramp-up know-how must 
be defined. This method must be compatible and suitable 
to the CBR-system. In other words, the cases in the case 
base should be saved and stored along with this 
structure. Furthermore, the similarity comparison should 
also be based on that structure. Both demands can be 
fulfilled by applying an ontology based approach to 
structure the ramp-up process. With the help of ontology 
know-how can be organized in a very pragmatic and 
useful way. Moreover, the search algorithm can use the 
ontology vocabulary to identify the most similar cases 
[47]. Secondly, Delphi questionings must also be 
operationalized [48]. Ontologies are also helpful at this 
point. The questioning structure of the Delphi method 
should be built along with the ontology in order to store 
the identified cases corresponding to the case base 
structure. 
3.2. Automotive production planning 
The exploitation of web-technologies for effective 
and efficient collaboration facilitates the planning 
activities by integration and sharing of knowledge 
among different collaborators in decentralized 
manufacturing system.  The information or knowledge 
related to planning activities in decentralized platform 
can be represented in the form of a semantic web.  
Semantic Web is an extended web in which information 
is structured in well-defined meaning to allow people to 
work with computer in more understandable way [49]. 
The development of intelligent assistance tool to conduct 
environmental impact assessment of potential production 
schemes in decentralized production network is 
considered in the scope of this paper.  
The production scheme in the decentralized 
production network consists of several nodes. Each node 
is specified by the product information, the process 
technological information and the resource information 
corresponding to the process technology. This 
information is shared with the knowledge manager. The 
knowledge manager will generate a query based on the 
output information from the tool named as dynamic 
network module. Dynamic network module selects 
resources (related to manufacturing sites) and suppliers 
based on the real time information from its several 
databases and evaluate each production scheme based on 
the key performance indicators such as cost, time, 
quality and environmental impact. The knowledge 
manager queries the knowledge repository concerning 
the environmental impact of potential process node. The 
knowledge repository, which is enriched with the 
already existing simulated results of the potential 
production schemes, is navigated for the environmental 
impact results. The outcome of this navigation can be the 
results of the environmental impact of the same case 
stored in the knowledge repository or inferred from the 
similar cases. The dynamic network module that 
generates several alternative potential production 
schemes stores the information in standardized xml data 
format. The Knowledge manager accesses this 
information and generates a query accordingly with 
respect to each process node and deliver results to the 
knowledge manager.  
The knowledge repository is regarded as the instance 
of abstract ontology. This ontology is represented in 
specific platform independent open source language to 
maintain consistency while navigating information as 
well as the information exchange. The environmental 
impact of completely new production scheme 
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(comprising of several process nodes) will be inferred 
from the knowledge repository. This knowledge 
repository is made capable of making conclusions 
against the queries due to its inherent reasoning 
capabilities. The reasoning part of the knowledge 
repository is enriched with production and inference 
rules associated with the material and process 
environment of decentralized manufacturing. 
The distinct cases will be simulated in the 
commercial lifecycle assessment tool i.e. SimaPro and 
the evaluated results corresponding to the simulated 
process node will be stored in the knowledge repository. 
The information concerning the input (process node 
specifications) and output information (simulated 
environmental impact results) for the simulated case are 
stored manually in the knowledge repository.   
In order to let the application work on the web-based 
system, a web service concept must be devised. The 
planner before making environmental assessment will 
send request to the server; the server will generate the 
appropriate query which will navigate the information 
relevant to the query into the ontology based knowledge 
repository. 
4. System Implementation 
4.1. Automotive production ramp-up 
After having worked out the theoretical concept of 
the model, a prototypical solution of the ontology, 
Delphi questionnaire and CBR system is being 
developed at a partner automotive company in order to 
validate the utility and usability of this model in practice. 
4.2. Automotive production planning 
The knowledge repository is based on ontological 
framework. At the process node level, material 
specifications, operation and relevant resource 
information formulate the basic concepts for 
manufacturing domain. These are modeled in 
RDF/OWL format using open source tool Protégé. The 
basic concepts part, operation, resource, emissions are 
linked with relevant domain. As an example, material 
concept is linked with Part. Resource class concept is 
associated with Operation. All these elemental concepts 
are instantiated in the Project concept. Two case 
examples from the automotive and orthotics fields are 
selected as an instance of ontology. The instances are 
particularly the used cases or the case examples stored as 
instances of sub class concepts of project concept.  For 
inferring or concluding information from the ontology, 
semantic web rules are defined to incorporate reasoning 
capabilities in the intelligent assistance system. These 
rules are modeled using JENA Engine. 
 The planner can navigate into to the intelligent 
assistance system based on OWL/RDF ontologies 
through web. A web service is created in which planner 
requests the intelligent assistance system through 
knowledge manager for environmental impact or 
emissions of any particular combination of product, 
process and resource. The user can send the request for 
the search of environmental impact or emissions of 
certain combination of materials. The web service based 
on JAVA will generate a query which will navigate 
inside ontology for retrieval of the information using 
JENA inference engine. The query is generated using 
SPARQL. 
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